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As a possible contribution to diagnosis of the 19 Hz 
and 45 Hz oscillations in the S-IVB, spectrum analyses of a 
number of Apollo 10 S-IVB and CM flight measurements have been 
made and resulting spectrograms are attached as Appendix A. 

The spectrograms of the different measurements show 
many similarities and can be used to derive composite vehicle 
responses. Figure I shows a composite axial response and 
identifies the measurements that displayed each frequency-time 
component. Figure I1 repeats the axial response on a larger 
scale and Figures II1,IV and V represent the composite pitch, 
yaw and engine responses. Figure VI compares the axial response 
observed to the modal frequencies generated by MSFC for POGO 
analysis. 

The principal indications from the spectrum analyses 
are : 

1. A distinct coupling exists between the propulsion 
system and structure starting at approximately 17.5 Hz, 40 
seconds into the first burn and ending at 19.5 Hz, 80 seconds 
into the first burn. Vehicle responses, Figures I, 11, 111, IV 
and V are noted at these same frequencies and time in all three 
axes of the CM and launch vehicle as well as in the engine 
measurements; this is consistent with the report of the flight 
crew. The axial response appears to be dominant; in particular, 
the gimbal block response appears to persist throughout the 
first burn, Appendix A, Figure 11. 1 

2. The 45 Hz oscillation occurring during the second burn, 
is shown in the spectrograms. It is observed, Figures I, 11, I11 
and IV to begin at approximately 280 seconds into the second burn 
terminating 10 seconds after the second burn with decreasing 
frequency, 46.5 to 44.5 Hz. The 45 Hz oscillation is not seen 
in any engine measurement, Figure V. The 45 Hz oscillation was 
not seen in the gimbal block'and IU, pitch and yaw axes, and this 
is most likely a result of the low frequency cutoff of the instru- 
ments rather than an absence of the 45 Hz oscillation. *$'.i7--- .& \ f i . - ' , l , ' ,  -'a . 
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3 .  The LOX l i n e  f r e q u e n c y ,  F i g u r e  V ,  a p p e a r s  t o  b e  24 Hz 
d u r i n g  t h e  f i r s t  b u r n  and  2 1  Hz d u r i n g  t h e  second  b u r n  u n t i l  MR 
s h i f t  and 2 4  Hz a f t e r  MR s h i f t , w h i c h  f o l l o w s  t h e  e n g i n e  MR. The 
MSFC a n a l y s i s  u s e s  a 24 Hz LOX l i n e  f r e q u e n c y .  

4 .  The MSFC a n a l y t i c a l  model o f  t h e  LM mode and mode 1 
a p p e a r s  t o  be  a good r e p r e s e n t a t i o n  o f  t h e  a c t u a l  v e h i c l e  as 
i n d i c a t e d  by  t h e  c l o s e  agreement  t o  t h e  s p e c t r o g r a m s ,  F i g u r e  V I .  
On t h e  o t h e r  hand ,  t h e  a n a l y t i c a l  model d o e s  n o t  a p p e a r  t o  be  a 
good r e p r e s e n t a t i o n  o f  t h e  second and  t h i r d  mode as t h e y  a r e  
a p p r o x i m a t e l y  5 Hz h i g h e r  t h a n  t h e  v e h i c l e  r e s p o n s e  o f  t h e  s p e c -  
t r o g r a m s ,  F i g u r e  V I .  

A .  T .  Ackerman 

2031-ATA-scs 
2 0 34-LAF 

At t achmen t s  
F i g u r e s  I - V I  
Appendix A 
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L .  A .  F e r r a r a ,  Jr. 



/ / TIME (SEC) FROM ENG IGN 

- 3 -  

2ND BUR 
CUTOFF 

N 

CK 0027A X - AXIS ACCEL 

E91 - 411 FIELD SPLICE - 
THRUST VIBRATION 

E92 - 404 SEPARATION PLANE - 
THRUST VI  BRATI ON 

AXIAL 

THRUST VIBRATION 

PRESS 

PRESS 

A12 - 403 GIMBAL BLOCK - 
E251 - 401 CHAMBER DOME 

D4 - 401 MAIN FUEL INJECT 

D9 - 401 OX PUMP DISCHARGE 

FIGURE I - VEHICLE AXIAL MODAL RESPONSE 
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APPENDIX A 

T h i s  App?ndix,  F i g u r e s  1 t o  45, c o n t a i n s  a s e r i e s  
o f  t i m e - f r e q u e n c y  s p e c t r o g r a m s  which were p roduced  from 
t e l e m e t r y  r e c o r d i n g s  o f  i n f l i g h t  measurements .  The measure-  
ments  were p r o c e s s e d  on two d i f f e r e n t  a n a l y z e r s  ( a n n o t a t e d  as 
"2 b i t "  and  116 b i t " ) .  

The "2 b i t "  a n a l y z e r  employs "2 b i t "  d i g i t a l  e n c o d i n g  
w i t h  h a r d  c l i p p i n g  of  t h e  i n p u t  s i g n a l .  It has a dynamic 
r a n g e  o f  a b o u t  30 d B  and  a sys t em t h r e s h o l d  o f  -40 dBV. It 
s i m u l t a n e o u s l y  p r o d u c e s  t h e  s t a n d a r d  0-150 h e r t z  and  0-50 
h e r t z  gram s e e n  i n  p r e v i o u s  s p e c t r u m  a n a l y s e s .  

The second a n a l y z e r  i s  a p r o t o t y p e  model employing  
"6 b i t "  d i g i t a l  e n c o d i n g  w i t h  a g r e a t e r  dynamic r a n g e  (a60 d B )  
and  lower s y s t e m  t h r e s h o l d  (a-65 dBV). Because of t h e  g r e a t e r  
dynamic r a n g e  and  h i g h e r  b i t  e n c o d i n g ,  s p e c t r o g r a m s  from t h i s  
a n a l y z e r  d i s p l a y  a h i g h e r  f r e q u e n c y  r e s o l u t i o n  and a f i n e r  
g r a n u l a r i t y  when coup led  t o  t h e  s p e c t r o g r a m  w r i t e r .  I n  e i t h e r  
c a s e ,  i t  s h o u l d  be  remembered t h a t  t h e r e  i s  c o n s i d e r a b l e  
a m p l i f i c a t i o n  o f  t h e  s i g n a l s  which  a r e  d i s p l a y e d  and c a u t i o n  
s h o u l d  be e x e r c i s e d  i n  d e r i v i n g  c o n c l u s i o n s  r e g a r d i n g  t h e  
a b s o l u t e  a m p l i t u d e s  o f  s i g n a l s  d i s p l a y e d  on t h e  s p e c t r o g r a m .  
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2 B i t  6 B i t  

Measurement 

114-401 Main F u e l  I n j e c t o r  Pres. 
113-401 Ox Pump D i s c h a r g e  Press. 
E251-401 Chamber Done-Thrust 

R12-403 Gimbal Block-Axia l  
E92-404 S e p a r a t i o n  P lane -Thrus t  

E 9 1 - 4 1 1  F i e l d  S p l i c e - T h r u s t  

E100-411 FWD Bending Mode-Yaw 
A l l - 4 0 3  Gimbal Block-Yaw 
A7-603 I U - Y a w  
E g g - 4 1 1  FWD Bending  Mode-Pitch 
~ 6 - 6 0 3  IU-Pi tch  
A10-403 Gimbal B l o c k - P i t c h  
CK0026A CM X-Axis A c c e l .  
CK0027A CM Y-Axis A c c e l .  
CK0028A CM Z-Axis A c c e l .  

CK0028A CM Z-Axis Acce l  

V i b r a t i o n  

V i b r a t i o n  

V i  b r a  t i o n  

(High  G a i n )  

150 Hz 

1 
4 

7 
10 

1 3  

16 
19 
22 

25 
28 

31 
34 
37 
40 

43 
4 4  

1 

50 Hz 

2 

5 

8 
11 

1 4  

1 7  
20 

23 
26 
2 9  
32 
35 
38 
4 1  

- 
3 
6 

9 
1 2  

1 5  

1 8  
2 1  
24 

27 
30 
33 
36 
39 
4 2  

150 HE 
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